Rosuvastatin is a new statin that has been shown to produce substantial dose-dependent reductions in low-density lipoprotein cholesterol (LDL-C) in Western and
Introduction
Heterozygous familial hypercholesterolemia (FH) is a common genetic disease associated with premature coronary artery disease. Approximately 85% of men with heterozygous FH experience an ischemic event before (12, 13) . In this paper, we present results from an open-label, dose-titration study on the efficacy and safety of rosuvastatin in Japanese patients with heterozygous FH.
Clinical Efficacy and Safety of Rosuvastatin in Japanese Patients

Patients and Methods
This open-label, dose-titration study was conducted at 13 centers in Japan between March 2000 and September 2002. Men and nonpregnant women who were 18 years of age or older were eligible for study participation if they met the following criteria: 1) known heterozygous FH (LDL-C level of > 190 mg/dl [4.9 mmol/l] or triglycerides of > 290 mg/dl [7. 5 mmol/l]; either tendon xanthomata [in themselves or in a first-or second-degree relative] or a first-or second-degree relative with confirmed FH; and a documented heterozygous LDL receptor gene defect); or 2) clinically strongly suspected heterozygous FH (those meeting only the lipid criteria). To be eligible for receiving the study drug, all patients had to have fasting LDL-C levels, as determined by the Friedewald equation (14) , of ≥ 220 and < 500 mg/dl (≥ 5.69 and < 12.93 mmol/l), respectively, and fasting triglycerides of ≤ 400 mg/dl (≤ 4.52 mmol/l) at the beginning and end of the 8-week dietary lead-in period.
Exclusion criteria included a history of sensitivity to statins; serious or unstable medical or psychological conditions that could compromise the patient's safety or successful trial participation; a history of homozygous FH; use of concomitant medications known to affect the lipid profile or present a potential safety concern; a history of drug or alcohol abuse; unexplained increases in creatine kinase to > 3 × the upper limit of normal (ULN) during the dietary lead-in period; unexplained serum creatinine > 2.0 mg/dl (180 µmol/l) during the dietary lead-in period; alanine transferase (ALT), aspartate aminotransferase (AST), or bilirubin values > 1.5 × ULN during the dietary lead-in period; and participation in another investigational drug trial within 4 weeks of trial enrollment.
All participants gave informed consent before any trial procedure was initiated. The relevant institutional review boards approved the trial protocol and any amendments, and the trial was performed in accordance with the ethical principles consistent with good clinical practice and in accord with the Helsinki Declaration of 1975 as revised in 1983.
Patients successfully completing the dietary lead-in period received rosuvastatin for 18 weeks according to the following schedule: 10 mg/day for the first 6 weeks, 20 mg/day for the second 6 weeks, and 40 mg/day for the third 6 weeks. The dose of rosuvastatin was not increased in patients with LDL-C levels ≤ 50 mg/dl (1.3 mmol/l). At 18 weeks, patients were given the option to continue the current rosuvastatin dose for an additional 34 weeks (i.e., 52 weeks from the beginning of drug dosing). Only the 18-week data are presented in this paper.
Blood samples were obtained after overnight fasting at weeks 1, 2, and 3 during the dietary lead-in period and at baseline and weeks 2, 6, 12, and 18 during the titration period. All serum lipid assays, blood chemistries, fasting blood glucose tests, and urinalyses were performed by SRL Teijinbio Hachioji Laboratory in Tokyo. LDL-C levels were calculated from total cholesterol, highdensity lipoprotein cholesterol (HDL-C), and triglycerides, using the Friedewald equation (14) . Total cholesterol and triglycerides were measured enzymatically. HDL-C was measured in the supernatant after precipitation of apolipoprotein (apo) B-containing lipoproteins by the heparin-Ca, Ni method. Apolipoproteins (apo A-I, B) were measured by turbidimetric immunoassay (15, 16) .
The primary end point was mean percentage change in LDL-C level from baseline to 18 weeks. Baseline was the mean of the three values obtained during weeks 4, 6, and 8 of the lead-in period. All results shown are from the full analysis set (FAS), which included patients who received at least one dose of rosuvastatin and had at least one postbaseline value. The last observation was carried forward (LOCF) if the patient did not complete 18 weeks of treatment. Changes from baseline for all lipid parameters were tested, using a one-sample t-test (with a two-sided significance level of 0.05).
Safety assessments included recording of adverse events, hematologic and clinical chemistry measurements, and physical examinations. Adverse events were categorized according to an inventory based on the Coding Symbols for a Thesaurus of Adverse Reaction Terms (COSTART). All patients who received at least one dose of rosuvastatin were included in the safety analysis, and safety data are descriptively presented.
Results
Of the 76 patients entering the dietary lead-in phase, 37 patients received study treatment (the majority of those excluded failed to meet the lipid entry requirements). The demographic and baseline characteristics are listed in Table 1 . In total, 30 patients had proven heterozygous FH (81.1%), 20 patients were male (54.1%), and the mean patient age was 51.8 years. Mean baseline LDL-C levels ranged from 211.0 to 444.7 mg/dl. A total of three patients withdrew from the study. Two patients withdrew because of adverse events, and one patient withdrew because of a protocol violation.
Efficacy evaluation
The lipid variables at baseline and mean change (the percent change) from baseline at 2, 6, 12, and 18 weeks are shown in Table 2 . At 18 weeks, mean LDL-C levels decreased from 304.0 to 132.0 mg/dl (LOCF data; 56.7% reduction from baseline; p <0.0001). Significant reduc-tions in LDL-C levels were achieved as soon as 2 weeks after the start of therapy with rosuvastatin at 10 mg (from 304.0 to 188.9 mg/dl; -38.5%; p < 0.0001) (Fig. 1 ). Additional significant reductions in LDL-C levels were achieved during each titration phase: from 304.0 to 156.4 mg/dl (-49.2%) at week 6 (p < 0.0001) with rosuvastatin at 10 mg and from 304.0 to 141.6 mg/dl ( -53.9%) at week 12 (p < 0.0001) with rosuvastatin at 10/20 mg. Reductions in total cholesterol ranged from 39.4% to 45.4% and were also significant compared with baseline (p < 0.0001). Reductions in triglycerides were 18.2% at week 6 with rosuvastatin at 10 mg (p < 0.006), 23.6% with rosuvastatin at 10/20 mg (p < 0.0001) at week 12, and 25.0% with rosuvastatin at 10/20/40 mg (p < 0.0001) at week 18 (LOCF data). Increases in HDL-C ranged from 9.6% to 13.8%, with significant differences compared with baseline at the end of each dose titration phase (p < 0.005). Highly significant reductions in non-HDL-C levels were also observed, ranging from 46.7% to 54.3% (p < 0.0001). Significant reductions were also seen in the LDL-C: HDL-C, total cholesterol: HDL-C, and non-HDL-C: HDL-C ratios (Table 2 ; p < 0.0001). Rosuvastatin, at all dose levels, also significantly increased apo A-I levels mg/dl ± SD mg/dl ± SD mg/dl ± SD mg/dl ± SD (% change ± SD) (% change ± SD) (% change ± SD) (% change ± SD) (% change ± SD) and significantly decreased apo B levels and apo B:apo A-I ratios (Table 3 ; p < 0.0001).
Safety
Treatment-emergent adverse events (events that occurred or worsened during the 18-week treatment administration period) occurred in 16 (43.2%), 16 (43.2%), and 15 (41.7%) patients receiving 10, 10/20, and 10/20/ 40 mg of rosuvastatin, respectively. A listing of the various categories of treatment-emergent adverse events is shown in Table 4 . Two rosuvastatin patients (one each receiving 10/20 and 10/20/40 mg) withdrew from the study because of adverse events. In each case, the event was considered unrelated to the study treatment.
Only one serious adverse event, intestinal obstruction, was noted in a patient receiving rosuvastatin at 10/20/ 40 mg. The intestinal obstruction was considered to be associated with postoperative adhesions following recent abdominal surgery and not related to the study treatment. All other treatment-emergent adverse events were mild or moderate in severity. No patients demonstrated clinically relevant increases in ALT or AST (defined as values > 3 × ULN). One patient receiving rosuvastatin at 10 mg had a creatine kinase level > 10 × ULN at week 6. This patient had engaged in physical exercise the day prior to testing. Subsequent measurements were within normal limits, and this event was considered unrelated to study medication. Another patient receiving rosuvastatin at 10 mg had a creatine kinase level > 3 × ULN at week 6; this event was considered possibly related to the study treatment. There were no symptoms suggestive of muscle damage, and subsequent creatine kinase levels were within normal limits. No patients had clinically significant changes in lenticular opacity.
Discussion
This dose-titration study showed that rosuvastatin significantly reduces LDL-C in Japanese patients with heterozygous FH across a dose range of 10-40 mg. Titration from rosuvastatin at 10 mg to the 20-mg daily dose produced substantial improvements in all lipid parameters, including apolipoproteins and lipid ratios. Titration to the 40-mg dose produced a small additional effect beyond that observed at 20 mg. Last observation carried forward analysis (n = 37). NB: apolipoprotein data were only collected at week 18. *: p < 0.0001 vs baseline (one-sample t-test). Patients received rosuvastatin on the following schedule: 10 mg/ day during weeks 0-6, 20 mg/day during weeks 6-12, and 40 mg/day for weeks 12-18. *: Occurred or worsened during the 18-week treatment period.
† : Treatment-emergent adverse events considered by the investigator to be related to study treatment. Patients with heterozygous FH typically have LDL-C levels that are 2 to 3 times above normal. Lifelong intervention is indicated, with statins being the mainstay of therapy. However, for the majority of these individuals, maximal doses of conventional statins are often needed, either alone or in combination with other therapies, to achieve lipid treatment goals. These additional therapies (e.g., bile acid sequestrants, ezetimibe, niacin, LDL apheresis) may be associated with poor tolerability or complex dosing schedules, or they may present a financial burden for many patients. These issues underscore the need for more potent and better-tolerated therapies for this difficult-to-treat genetic disorder.
The experience with statins in Japanese patients with FH is limited. A 24-week dose-titration study by Yamamura et al. examined the effects of atorvastatin at 10/20/40 mg/day in 88 Japanese FH patients and found mean LDL-C reductions from baseline of 38%, 44%, and 48% with atorvastatin at 10, 20, and 40 mg, respectively (patients remained at each dose level for 8 weeks). Total cholesterol levels were reduced by 32%, 37%, and 41%, and HDL-C levels were increased by 9%, 7% and 6%, respectively (17). Mabuchi et al. reported a mean 27% reduction in LDL-C (p < 0.001), a 21% reduction in total cholesterol (p < 0.001), and a 16% increase in HDL-C (p < 0.01) in a population of 48 Japanese FH patients following 24 months of simvastatin therapy (2.5, 5, or 10 mg/day) (18) . More recently, the investigational agent pitavastatin was shown to produce a mean 44% reduction in LDL-C (p < 0.0001, analysis of variance [ANOVA]), a 33% reduction in total cholesterol (p < 0.0001, ANOVA), and a 6% increase in HDL-C (p < 0.035, ANOVA) following 96 weeks of treatment in 25 Japanese patients with heterozygous FH (the dosage was 4 mg/day, increased from 2 mg/day after 8 weeks of therapy). Apo B was reduced by 34% (p < 0.0001, ANOVA), and apo A-I was increased by 12% (p = 0.0002, ANOVA) on this regimen (19) . Some insight into the clinical implications of the results for rosuvastatin from the current trial can also be gained from clinical studies in similar patient populations from different geographic regions. Most notable is a recent randomized, double-blind, dose-titration study in Western patients by Stein et al. that featured a similar design (i.e., dose titration every 6 weeks) and the same lipid entry criteria as the current study (11) . A total of 623 patients with heterozygous FH were randomized to receive either rosuvastatin or atorvastatin at 20/40/80 mg daily. At 12 weeks (i.e., 40-mg dose), rosuvastatin was significantly more effective than atorvastatin in reducing LDL-C (54% vs 46%; p < 0.001, pairwise t-test) and total cholesterol (43% vs 38%; p < 0.001, pairwise t-test) and increasing HDL-C (10% vs 3%; p < 0.001, pairwise t-test) levels. Rosuvastatin also produced significantly greater benefit (p < 0.001, pairwise t-test) than atorvastatin on lipid ratios (LDL-C: HDL-C, total cholesterol: HDL-C, and non-HDL-C:HDL-C).
In our trial of Japanese patients, which used lower doses of rosuvastatin (10/20/40 mg daily) compared with those in the study by Stein and colleagues, quantitatively similar reductions from baseline at 12 and 18 weeks in LDL-C (54-57%), total cholesterol (43-45%), and triglycerides (24-25%) were observed. HDL-C was also increased at a similar percentage from baseline (14%). In general, the results for rosuvastatin from the present study also show comparable or superior effects on the lipid profile of Japanese heterozygous FH patients compared with those reported for other statins. Although longer-term studies are needed, it is reasonable to expect that the beneficial effects of rosuvastatin we observed would extend beyond the 18 weeks of this study.
The safety profile of rosuvastatin has been extensively studied in a variety of patient populations (20) . Overall, data from placebo-controlled trials have demonstrated that rosuvastatin is associated with similar rates of adverse events compared with placebo and similar low rates of withdrawal due to adverse events, consistent with the safety results for other statins. The administration of rosuvastatin at doses up to and including 40 mg in this dose-titration study was well tolerated among Japanese patients with heterozygous FH. Treatment-emergent adverse events, when they did occur, were mild or moderate in severity and similar in nature to those seen in previous studies of rosuvastatin (21) . In addition, no patients had clinically significant elevations in serum transaminases or other findings suggesting clinically relevant effects on liver function, and there were no cases of myopathy (defined as creatine kinase > 10 × ULN with muscle symptoms) or sustainable elevations in creatine kinase levels.
In conclusion, rosuvastatin is an effective new statin that produces substantial and significant reductions in LDL-C at doses of 10, 20, and 40 mg in Japanese patients with heterozygous FH. Rosuvastatin was well tolerated and did not produce any unanticipated adverse events.
